Background: To study miR-30b-5p expression in esophageal squamous cell carcinoma (ESCC) by comparisons between tumor tissues and matched adjacent non-cancerous tissues to elucidate the correlation between miR-30b-5p expression and ESCC clinical parameters, and to explore the signaling pathways associated with miR-30b-5p and key target genes. Methods: Clinical data, cancer tissues, and adjacent non-cancerous tissues of 32 patients diagnosed with ESCC were collected from Taizhou Hospital of Zhejiang Province. The expression levels of miR-30b-5p were determined by real-time polymerase chain reaction (RT-PCR). mRNA data for ESCC tissues and normal tissues, and clinical materials of patients with ESCC were obtained from the Gene Expression Omnibus (GEO) database and The Cancer Genome Atlas (TCGA). Associations between miR-30b-5p expression and clinical features of patients with ESCC and overall survival were explored. A bioinformatics analysis was performed to determine the pathways and key miR-30b-5p targets associated with ESCC.
Introduction
Esophageal cancer (EC) is one of the most widespread malignant tumors, with increasing incidence and mortality rates. More than 90% of ECs are esophageal squamous cell carcinoma (ESCC) (1) . The incidence of ESCC is particularly high in Asian countries, exceeding 1/1,000 yearly (2) , and although substantial developments have recently been made in the development of diagnostic and treatment approaches, the 5-year survival rate is still <10% (3) . Therefore, it is necessary to identify new biomarkers to improve early diagnosis, therapy, and prognosis.
MicroRNAs (miRNAs) are short noncoding RNAs, generally 20-24 nucleotides in length, with crucial roles in the regulation of gene expression (4) . There is increasing evidence that abnormal miRNA expression is related to a variety of tumors, including cervical tumors (5) , gastric tumors (6) , and lung tumors (7) , and numerous studies have proven that miRNAs influence cell proliferation, differentiation, and apoptosis as well as cell cycle regulation (8) (9) (10) .
miR-30b-5p, a microRNA, reportedly acts as a prognostic factor and a tumor regulator via target genes. For instance, miR-30b-5p regulates cell proliferation by directly targeting MTDH in glioma (11) . Further, miR-30b-5p has been shown to repress cell growth and invasion by targeting HOXA1 in EC (12) . Additionally, miR-30b-5p could affect non-small cell lung cancer cell invasion and migration by regulating Cthrc1 (13) . Moreover, miR-30b-5p is a potential prognostic marker and therapeutic target for colorectal tumors (14) , and a higher miR-30b-5p expression level is significantly associated with a shorter recurrencefree survival in patients with hepatocellular carcinoma (15) .
Although its roles in other tumors have been well characterized, studies on the roles of miR-30b-5p in ESCC are lacking. Thus, in this study, we investigated the potential role of miR-30b-5p in the occurrence, progression, and prognosis of ESCC. In addition, we explored key target genes and signaling pathways associated with miR-30b-5p in ESCC by a comprehensive bioinformatics analysis.
Methods

Tissue samples and cell line
A total of 32 matched primary ESCC tissues and adjacent normal tissues were collected from the human tissue bank at Taizhou Hospital of Zhejiang Province between November 3, 2006 and July 30, 2014 . None of the patients received radiotherapy, chemotherapy, or other medical interventions. The study was approved by the ethics review board at Taizhou Hospital of Zhejiang Province, and informed consent was obtained from all participants ( Table 1) . Eca109 cells were obtained from the Enze Medical Research Center.
Estimation of miR-30b-5p expression using GEO and TCGA miRNA-seq data
The GSE43732 (China, 2014) dataset was downloaded from the GEO website (https://www.ncbi.nlm.nih.gov/ geo/query/acc.cgi) using the key terms "miRNA" and "esophageal squamous carcinoma" to obtain miRNA expression data as well as clinical and prognostic data for 119 patients with ESCC and for normal tissues adjacent to carcinoma tissues ( Table 2) . The difference in miR-30b-5p expression between ESCC and normal samples was evaluated using the GEO2R online analysis tool, and the data were normalized by 2nd transformation. The RNA profile, isoform of miR-30b-5p, and corresponding clinical data for 95 patients with ESCC were obtained from The Cancer Genome Atlas (TCGA) platform (https:// cancergenome.nih.gov/), which is rich in cancer-related data, and the expression values were normalized by log2 transformation.
Collection of differentially expressed genes
The mRNA-seq data for patients with ESCC were downloaded from TCGA. Patients with ESCC were ranked according to the expression level of miR-30b-5p from low to high, defining the first third as the low-expression group and the last third as the high-expression group. The R package "limma" was used for the correlation analysis.
Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and protein interaction analyses
A GO analysis was performed using the Database for Interacting Genes (STRING) was applied to analyze the interaction network of targets of miR-30b-5p. Hub genes were obtained using Cytoscape (degree >20).
Prediction of miR-30b-5p target genes
STAR BASE 3.0 (http://www.lncrnablog.com/starbase-v2-0-for-decoding-rna-interaction-networks/), which contains seven miRNA-target prediction algorithms (PITA, RNA22, miRmap, microT, miRanda, PicTar, and TargetScan) was used to identify possible miR-30b-5p target genes. Only the target genes conforming to the following screening conditions (algorithms Number ≥3, clipExpNum ≥2, and pancancerNum ≥6) were included in further analyses.
Screening of key target genes
For the purpose of acquiring more specific target genes, the intersection of hub genes and predicted miR-30b-5p target genes was obtained. The overlapping genes were used to further screen key target genes by analyzing their expression in ESCC and normal tissues and their correlations with miR-30b-5p.
Cell culture and transfection
Eca109 cells were cultured in Dulbecco's modified Eagle's medium (Wisent Inc., Quebec, Canada) supplemented with 10% fetal bovine serum (Wisent Inc. ) in a humidified 5% CO 2 atmosphere at 37 ℃.
The miR-30b-5p expression vector (pGCMV-GFP-miRNA-miR-30b-5p) and negative control (NC) (pGCMV-GFP-miRNA-ShNC) were purchased from GenePharma (Shanghai, China) and transfected at a final concentration of 10 µM with Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. After 6 h, the cells were moved to normal medium and cultured for an additional 24 h.
Transwell migration and invasion assays
After 48 h of transfection, cells were starved for 24 h in serum-free RPMI-1640 medium. Adjusting log-phase cells to 1-1.5 million cells/mL, 0.2-mL cell suspensions were added to 24-well Transwell chambers. The lower chamber was filled with 0.5 mL of RPMI-1640 medium containing fetal bovine serum (FBS; Gibco, Gaithersburg, MD, USA). For the invasion experiment, the upper chamber with an 8-µm pore size was coated with Matrigel according to the manufacturer's instructions.
After a 24-h incubation, cells were fixed with paraformaldehyde and stained with 0.1% crystal violet. Cotton swabs were used to remove the cells on the upper surface of the membrane. Finally, the cells were counted under a microscope (×200), and five randomly selected fields were used to calculate average values.
RNA extraction and real-time polymerase chain reaction (RT-PCR)
RNA was extracted from tissues using TRIzol Reagent ( I n v i t r o g e n ) . T h e Ta q M a n m i c r o R N A R e v e r s e Transcription Kit (Applied Biosystems of Thermo Fisher Scientific, Foster City, CA, USA) was used to synthesize cDNA. The expression level of miR-30b-5p was determined using a Hairpin-it TM microRNA and U6 snRNA Normalization RT-PCR Quantitation Kit (GenePharma) and the 7300 Real-Time PCR apparatus (ABI). Relative miRNA expression levels were calculated using the 2 −ΔΔCt method and normalized to U6 snRNA levels.
Western blot analysis
Proteins were extracted from harvested Eca109 cells by RIPA containing 1% PMSF at 4°C for 30 min after the transfection of miR-30b-5p for 48 h. Lysates were then centrifuged for 30 min at 12,000 ×g and 4 ℃. Total proteins were denatured with SDS loading buffer, separated by SDS-PAGE, transferred to a PVDF membrane. The membranes were incubated with primary antibodies overnight at 4 ℃, washed with TBST buffer, and incubated with a secondary antibody for 1 h. Proteins were then exposed to ECL using the ImageQuant LAS 500. The following primary antibodies were used: anti-GAPDH (arigo Biolaboratories, Huissen, The Netherlands), anti-Integrin alpha 5, anti-PDGFR beta (Abcam, Cambridge, UK), anti-Phospho-PI3 Kinase, anti-Phospho-Akt, anti-PI3 Kinase, anti-Akt (Cell Signaling Technology, USA). As a secondary antibody goat anti-rabbit HRP-conjugated IgG was obtained from arigo Biolaboratories.
Statistical analysis
Continuous variables are described by means ± SD and categorical variables are described by frequencies. Paired t-tests were used to compare the expression level of miR-30b-5p between ESCC and matched normal esophageal tissues. For comparisons among multiple groups, oneway analysis of variance (ANOVA) was used. Pearson correlation tests were used to evaluate correlations between variables. The relationship between miR-30b-5p level and survival rates was determined by the Kaplan-Meier survival approach along with Gehan Breslow Wilcoxon test. For the hospital data, the median value was taken as the optimal cut-off value, and for the GEO data, the best cut-off value was determined by the X-Tile software. The FDR approach was used to correct for multiple testing correction. All data analyses were performed using SPSS 20.0 and GraphPad Prism 6.0. A value of P<0.05 was considered statistically significant.
Results
miR-30b-5p expression was down-regulated in ESCC tissues
We performed RT-PCR to explore the expression levels of miR-30b-5p in samples from 32 patients with ESCC. The results showed that miR-30b-5p expression was significantly lower (Paired t-tests, P<0.01) in ESCC tissues than in paired adjacent normal tissues ( Figure 1A) . In addition, we investigated miR-30b-5p expression in 119 patients with ESCC from the GEO database (GSE43732) and 95 patients with ESCC from TCGA; the results of GEO and TCGA analyses were consistent with our RT-PCR results ( Figure 1B,C) . Further, using the downloaded TCGA data in starbase 3.0, a boxplot of the expression profiles of miR-30b-5p in several tumors was generated and shown in Figure S1 . The miR-30b-5p expression level varied from tumor to tumor (Table S1 ).
The clinical data of the 32 ESCC tissue samples collected from the Human Tissue Bank of the Zheijang Taizhou Hospital are shown in Table 1 . In patients with ESCC, no relationships were discovered between miR-30b-5p expression levels and clinical factors, except for T stage. The expression level of miR-30b-5p was significantly disparate in different T stages; in particular, miR-30b-5p expression level was higher in T1 than in T2 ( Figure 1D ). Similar results were obtained using GEO data ( Figure 1E , Table 2 ). However, using TCGA data, the difference in miR-30b-5p expression between the T1 and T2 stages was not significant ( Figure 1F) .
In a specific patient population, patients with high miR-30b-5p level have a better prognosis
We divided the 32 patients with ESCC into two groups, a low-expression group (n=16) and a high-expression group (n=16), according to the median miR-30b-5p expression level. A Kaplan-Meier survival analysis showed that the prognosis was not significantly different between patients with high miR-30b-5p expression and those with low miR-30b-5p expression (Gehan Breslow Wilcoxon test, P=0.079) ( Figure 2A ). Furthermore, we selected 24 ESCC patients whose miR-30b-5p expression levels were lower in cancer tissues than in adjacent normal tissues for a survival analysis. Patients with high miR-30b-5p expression had a better prognosis than those with low miR-30b-5p expression (Gehan Breslow Wilcoxon test, P=0.026) ( Figure 2B) . When patients were divided into high expression group and low expression group according to the best cut-off value by the X-tile software, similar results were observed using GEO data ( Figure 2C,D) . Moreover, multivariate analyses showed that miR-30b-5p and N status are independent prognostic factors in the GEO data ( Table 3) . Therefore, miR-30b-5p probably plays a suppressive role in ESCC development.
Differential expression analysis
To explore the mechanisms underlying the suppressive effects of miR-30b-5p on tumor development in ESCC, we obtained miRNASeq and clinical data for 95 patients with ESCC from TCGA. We ranked 81 patients with ESCC according to the expression level of miR-30b-5p from low to high, defining the first 27 patients as the low-expression group and the last 27 patients as the highexpression group. Two groups of patients were screened for differential expression genes. A total of 17,429 RNA genes were included, of which 614 genes exhibited significantly decreased levels and 50 genes exhibited significantly increased levels in the high-expression group compared with those in the low-expression group after FDR correction ( Table S2 ). The expression profiles of these two sets (top 50 genes) are shown as a heatmap using R package "heatmap" ( Figure S2 ).
GO, KEGG enrichment, and protein interaction analyses
GO and KEGG analyses of the 614 downregulated genes were performed using DAVID. In the GO analysis, a total of 328 terms were obtained, of which 28 terms were significantly enriched ( Figure 3A , FDR <0.01). In the KEGG analysis, seven pathways were statistically significant ( Figure 3B , FDR <0.01). The three most significant GO terms were extracellular matrix, focal adhesion, and extracellular matrix organization. Similarly, the top three significant pathways in the KEGG analysis were focal adhesion, ECM-receptor interaction, and PI3K/ Akt signaling pathway. Among these terms, miR-30b-5p is well known in "cell migration" and "proliferation" in multiple cancer types. Moreover, we obtained 37 hub genes by a Cytoscape protein interaction analysis with degree >20 ( Figure 3C ). Based on previous literatures, we found that these genes play a crucial role in cell processes and that many of them are involved in the carcinogenesis of numerous tumors, including ESCC (Table S3) .
Key target genes of miR-30b-5p
We used seven algorithms through the STAR BASE 3.0 website to identify 871 potential target genes. Based on the intersection of 37 hub genes and 871 potential target genes, nine genes (ITGB1, PDGFRB, VIM, ITGA5, ACTN1, THBS2, SERPINE1, ABL1 and RUNX2) were obtained for further analyses. We found eight genes (ITGB1, PDGFRB, VIM, ITGA5, ACTN1, THBS2, SERPINE1, and RUNX2) that were significantly increased in ESCC tissues ( Figure 4A,B,C,D,E,F,G,H) , and there was no significant difference in ABL1 gene expression ( Figure 4I) . A Pearson's correlation analysis indicated that the levels of eight genes were significantly inversely correlated with miR-30b-5p, i.e., PDGFRB (r=−0.342, P=0.002), VIM (r=−0.247, P=0.026), Figure 5A,B,C,D,E,F,G,H) . However, there was no remarkable negative correlation between ITGB1 and miR-30b-5p ( Figure 5I) . When miR-30b-5p
is decreased in ESCC, upregulated genes may play vital roles as key targets of miR-30b-5p. Ultimately, seven genes (PDGFRB, VIM, ITGA5, ACTN1, THBS2, SERPINE1, and RUNX2) were identified as key target genes of miR-30b-5p. Among them, PDGFRB, RUNX2, and SERPINE1 were confirmed using miRTarBase ( Table 4 ).
The expression levels of key target genes in clinical T stages
The seven key target gene mRNA levels in clinical T stages were studied. One-way ANOVA showed that the expression of the target genes PDGFRB, VIM, and ITGA5 differed significantly among T stages ( Figure 6A,B,C) . Further t-tests revealed higher expression levels of five key target genes (PDGFRB, VIM, ITGA5, ACTN1, and THBS2) in T2 than in T1 ( Figure 6 ).
Upregulated expression of miR-30b-5p inhibited the migration and invasion of Eca109 cells
Downregulated miR-30b-5p levels in ESCC provide a basis for determining whether this miRNA functions as a tumor inhibitor in ESCC. We transfected Eca109 cells with an exogenous miR-30b-5p plasmid and assessed the influence on cell biological functions in vitro. After 24 h of transfection, Eca109 cells were observed by fluorescence microscopy (Figure 7A) . TaqMan RT-PCR showed that expression of miR-30b-5p was upregulated by 8.5-10.5-fold in Eca109 cells ( Figure 7B) .
To identify whether miR-30b-5p has an impact on the progression of ESCC, we performed transwell experiments. The upregulation of miR-30b-5p attenuated migration and invasion in Eca109 cells ( Figure 7C,D,E) . These results suggest that miR-30b-5p acts as a suppressive factor in ESCC.
miR-30b-5p in ESCC is related to the PI3K/Akt signaling pathway
A western blotting analysis revealed that the protein levels of PDGFRB, ITGA5, p-AKT, and p-PI3K, which are involved in the PI3K/Akt signaling pathway, were lower in the miR-30b-5p overexpression Eca109 cells than in the untransfected Eca109 cells. However, the expression level of AKT and PI3K showed almost no difference (Figure 7F,G) . These results confirmed that PDGFRB and ITGA5 are the key targets of miR-30b-5p, and they also suggest that miR-30b-5p is related to the PI3K/Akt signaling pathway.
Discussion
ESCC is a general type of esophageal cancer, and growing evidence suggests that miRNAs function as cancerogenic factors or tumor-inhibiting factors in ESCC (16) . Identification of the signaling pathways and molecular mechanisms underlying ESCC can provide a basis for the development of novel strategies for diagnosis and for predicting prognosis.
In the present study, we investigated target gene networks and associations of miR-30b-5p levels with clinicopathological characteristics and prognosis in ESCC. We found that miR-30b-5p levels were significantly lower in ESCC tissues than in adjacent non-cancerous tissues. In addition, miR-30b-5p levels were significantly disparate in different T stages (i.e., they were significantly higher in T1 T1  T2  T3  T4   T1  T2  T3  T4  T1  T2  T3  T4   T1  T2  T3  T4  T1  T2  T3  T4  Relative expression AKT than in T2) but showed no remarkable difference among other clinical factors. These findings were supported by a statistical analysis of GEO data. However, we found no significant differences between the T1 and T2 stages in TCGA data. This may be explained by the differences in the sample sources and sample size. Patients with high miR-30b-5p expression exhibited longer survival time, but this result was not significant. It has been proved that miR-30b-5p does not have an inhibitory effect on EC cells, except those with low expression of miR-30b-5p such as Eca109 and TE-1 (12) ; this prompted us to perform a survival analysis of patients with ESCC who had lower miR-30b-5p expression in cancer tissues than in normal tissues. Patients with high miR-30b-5p expression had a better prognosis based on GEO data. Furthermore, multivariate analyses showed that miR-30b-5p is an independent prognostic factor.
Studies have revealed that miR-30b-5p can regulate invasion and metastasis in cancers (14, 17) . Accordingly, we further investigated the relationship between miR-30b-5p and metastasis in ESCC. Our results showed that miR-30b-5p attenuated migration and invasion in the Eca109 cell line. Similarly, a previous study showed that overexpression of miR-30b-5p inhibits growth, migration, and invasion of Eca109 and TE-1 EC cells (12) . Therefore, we speculated that miR-30b-5p may play a critical role in ESCC tumorigenesis and progression.
The PI3K/AKT pathway identified in the enrichment analysis is a major signaling cascade that is activated in a large variety of human cancers (18) . It is involved in metastasis and apoptosis of ESCC cells, thus affecting proliferation and tumor growth (19) . The present study showed that p-PI3K and p-Akt proteins were down-regulated in Eca109 cells when miR-30b-5p was overexpressed in Eca109. On the basis of these findings, we speculated that miR-30b-5p is likely involved in cell migration and the PI3K/AKT signaling pathway, which may affect cancer progression.
We further identified seven key target genes (PDGFRB, VIM, ITGA5, ACTN1, THBS2, SERPINE1, and RUNX2) based on the intersection between 37 hub genes and 871 predicted target genes. Some of these key target genes have been shown to play a role in EC in previous studies. As an integrin α subunit, ITGA5 is involved in invasiveness and tumorigenesis (20, 21) and is one of the most abundant proteins in the extracellular matrix. Numerous studies have shown that ITGA5 could have a regulatory role in specific cancers by activating focal adhesion kinases to promote cell adhesion and migration (21) (22) (23) (24) . Regarding ESCC, a previous study showed that high expression of ITGA5 was significantly correlated with lymph node metastasis and tumor size and indicated a low survival rate (21) . Plateletderived growth factor receptor β (PDGFRB) is an important target for anti-tumor treatment (25, 26) . Studies have shown that PDGFRB is involved in numerous cellular processes, including angiogenesis, proliferation, and migration (27, 28) . A previous study showed that high expression of PDGFRB plays a tumorigenic role in EC and that the strong expression rate of PDGFRB is significantly higher in tumor tissues than in para-tumor and normal tissues (29) . As a major component of the intermediate filament family of proteins, VIM is widely regarded as a marker of epithelial-mesenchymal transition (EMT). A previous study showed that overexpression of miR-145 and knockdown of CTGF inhibited the proliferation, migration, and invasion of ESCC cells through their influence on EMT (30) . Another study showed a correlation between SERPINE1 and the prognosis of EC patients (31) . However, prior to the present study, the association of the other three genes with EC had not been reported.
PDGFRB and ITGA5 are both involved in the PI3K/ AKT signaling pathway and are positive regulators of cell migration. Therefore, we focused on these two proteins for further exploration. We provide the first evidence that the mRNA expression levels of ITGA5 and PDGFRB are negatively correlated with miR-30b-5p in ESCC. Further, their expression levels were remarkably disparate in different T stages. We also revealed that the protein levels of ITGA5 and PDGFRB were downregulated in the miR-30b-5p high-expression Eca109 group. These findings indicated that miR-30b-5p may inhibit Eca109 migration and invasion by suppressing ITGA5 and PDGFRB. The overexpression of ITGA5 and PDGFRB is a remarkable characteristic that may be a crucial event in ESCC tumorigenesis. However, the precise functions and downstream regulatory mechanisms remain to be explored.
We identified three additional key targets with known roles in other cancers or cancer-related pathways. Lower expression of ACTN1 is associated with better survival in pancreatic cancer (32) . As a transcription factor, RUNX2 could facilitate HCC cell migration and invasion by a MMP9-mediated pathway (33) . A previous study showed that high THBS2 expression is associated with better prognosis through inhibition of gastric cancer cell proliferation (34) . However, another study showed that silencing of THBS2 inhibits gastric cancer cell proliferation, migration, and invasion (35) . Our current research shows that these genes may also play a key role in the occurrence and development of EC, and may be regulated by miR-30b-5p. In general, the role of these genes in ESCC deserves further study. therapeutic targets and prognostic predictors for ESCC and the PI3K/Akt signaling pathway is involved in the regulation of miR-30b-5p; however, further research is needed to confirm these roles.
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